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Introduction
Since the photoelectrochemical splitting of water using TiO 2 was first reported by Fujishima and Honda in 1972 [1] , the application of TiO 2 in several fields has drawn significant interest by several research groups. However, the high density of charge carrier recombination and also the large band gap of TiO 2 impair its commercial applications. Recently intense research has been devoted to modification of the titania band gap as well as to utilization of the large fraction of solar light with high quantum efficiency for commercial applications. In this regard, main landmark achievements are represented in Scheme 1.
2.
The band gap excitation of TiO 2 by UV light generates charge carrier pairs with robust redox properties. Those pairs may recombine, become trapped in the metastable surface state or react with electron acceptors / donors adsorbed on the surface of the photocatalyst (Path 1). Doping of metal ions within certain limits prolongs the charge carrier life time and also extends the band gap absorption to the visible region either through [6] . Although the bulk WS 2 has conduction band edge lower than that of TiO 2 , the size quantization of WS 2 results in the shift of its CB edge to a higher value compared to that of TiO 2 facilitating interparticle electron transfer, which is otherwise not possible in bulk WS 2 . For this kind of coupled semiconductors with quantized structure the use of highly toxic CdS in photocatalysis could be avoided. In the above cases [4] [5] [6] , interfacial electron transfer takes place from the excited state of the sensitizer to conduction band of titania with charge separation followed by dioxygen reduction (Path 4). The self degradation and lower adsorption of the sensitizers on titania surface and their relative physical / chemical instability hinders its practical application. In most of the cases, sacrificial electron donor should be continuously added to regenerate the sensitizers (Path 5), although in few cases, water [4c] Surface fluorination of TiO 2 has drawn significant attention in recent years since it facilitates the generation of free hydroxyl radicals which are highly oxidative as compared to the surface bound hydroxyl radicals Noble metal deposition on titania serves as passive sink for electrons via Schottky barrier (Path 10) and also shifts the band gap absorption to visible region due to the surface plasmon resonance effect. The photocatalytic activity critically depends on the work function of the deposited metal and on the ratio of M / M n+ distributed on the semiconductor surface [10] . Synthesis of titania by co-doping with two or more foreign ions has drawn significant attention for its multifunctional electronic properties and favorable surface structure. This type of doped titania can be actually beneficial in terms of stability, reusability and for enhanced efficiency [11] . Furthermore, it is suggested that the defects and imperfections within the lattice caused by co-doping have little adverse effects on the activity of titania [11d] .
Towards the end of this century, exploring the photocatalytic application of anatase {001} facet was another recent venture in TiO2 photocatalysis. The {001} facet have higher surface energy compared to widely reported {101} facet and, hence, {001} nano sheets with a low density of defects can reduce the recombination of photogenerated electron-hole pairs on grain boundaries thus improving the photocatalytic efficiency [12] . The traditional method of using highly corrosive HF as capping agent to synthesize {001} facet by most of the research groups [12b] 
Conclusions
In conclusion, researchers are optimistic that wide variety of known strategies of TiO2 modification by tailoring, tuning and structuring it is possible to alter the electronic, chemical, bulk and surface structure for effective utilization of solar light with hindered charge carrier recombination.
